Acute gastroenteritis is one of the most common illnesses of humankind and has its greatest impact on people at extremes of age: children and the elderly (Glass et al. 2001) . It is one of the most common diseases affecting children under five years old (Victoria et al. 2007) . Astroviruses were associated to infantile gastroenteritis for the first time in 1975, by Madeley and Cosgrove. Using electron microscopy, these researchers observed particles that, at that time, were called "small round structured viruses". Nowadays, astrovirus incidence in children with gastroenteritis in both developed and developing countries is usually 2 to 9% (Guix et al. 2002 , Liu et al. 2007 .
Human astroviruses (HAstV) are members of the Astroviridae family, genus Mamastrovirus, and are recognized as a common cause of gastroenteritis not only in children, but also in the elderly and immunocompromised individuals (Méndez & Arias 2007) . The virion is small and spherical (28-30 nm in diameter), non-enveloped, with icosahedral symmetry and a star-like capsid. However, only about 10% of particles display the starlike appearance, which makes the morphological identification difficult (Fauquet et al. 2005) . The genome is a positive sense single strand RNA (ssRNA), with approximately 6,8 to 7,2kb in length. The astrovirus genome has three open reading frames (ORFs): ORFs1a and 1b, which encode viral protease and polymerase, respectively, and ORF2, which encodes the capsid precursor protein (Bhattacharya et al. 2006) . Regarding serotypes/genotypes, there are eight HAstV serotypes/genotypes described so far (HAstV-1 to HAstV-8), grouped into genogroup A (HAstV-1 to 5 and HAstV-8) and genogroup B (HAstV-6 and 7). The main astrovirus infection symptom is watery diarrhea that can occur associated with fever, vomiting, anorexia and abdominal pain (Gabbay et al. 2005) .
Recently, three studies in Brazil described the detection and/or genotyping of astrovirus: one carried out in Rio de Janeiro, in the Southeast region, one in the city of Belém, in the North region, and another in the Midwest region (Victoria et al. 2007 , Gabbay et al. 2007a , Santos et al. 2007 ). This study presents results of astrovirus characterization in faeces from children up to six years old, and it is the first of this kind carried out in São Paulo, also in the Southeast region Brazil.
SUBJECTS, MATERIALS AND METHODS
Faecal samples -The present study had two sets of samples, obtained from children with or without diarrhea. The first set (EPM), with 234 faecal samples, was collected from children up to six years old, from February 1995 to December 1999, at the ambulatories of Financial support: FAPESP (2001 /14335-7, 2000 /11857-0, 2000 / 14461-0, 2001 , CNPq (140.167/2002-6 Acute diarrhea was defined as diarrhea lasting less than 14 days at the time of admission. Persistent diarrhea was defined as diarrhea lasting more than 14 days. Control individuals had no gastrointestinal symptoms for at least 30 days prior to the inclusion into the study (Scaletsky et al. 2002) . This study was approved by the ethical committee of the Institute of Biomedical Sciences, USP (Protocol 273/CEP).
Extraction of viral RNA from faecal suspensionsViral RNA was extracted from faecal suspensions using Trizol  (Invitrogen-Carlsbad, CA, USA) according to manufacturer's instructions. The pellet was resuspended with DEPC Milli-Q water, treated with 1µl of RNAse inhibitor (Invitrogen-Carlsbad, CA, USA) and stored at -70°C until use.
Detection of astrovirus by RT-PCR -
Both sets of samples were submitted to reverse transcription polymerase chain reaction (RT-PCR) for astrovirus detection, as described by Noel et al. (1995) , using MON269 (forward 5'-CAACTCAGGAAACAGGGTGT-3') and MON270 (reverse 5'-TCAGATGCATTGTCATTGGT-3') primers, which amplify a 449 bp region located at ORF2. SuperScript TM One-Step RT-PCR with Platinum ® Taq kit (Invitrogen-Carlsbad, CA, USA) was used in the reaction. Prior to RT-PCR itself, denaturation of viral nucleic acid was carried out at 70°C/5 min, followed by 2 min in ice. Reverse transcription for 1 h at 42°C was followed by 40 cycles of amplification (94°C/ 30 s, 50°C/30 s, 72°C/1 min) and a final extension at 72°C/10 min; 10 µl of the final product were submitted to electrophoresis in 1.5% agar gel and detected by ethidium bromide staining.
Genotyping by nested/RT-PCR -
Genotyping by nested/RT-PCR was done for all astrovirus positive samples according to Sakamoto et al. (2000) , with some modifications. RT-PCR was carried out with SuperScript TM One-Step RT-PCR with Platinum ® Taq kit, and PreCAP1 and 12Gr common primers. The procedure included denaturation of viral nucleic acid at 95°C/ 5 min, followed by 5 min in ice. Reverse transcription for 1 h at 42°C was followed by 35 amplification cycles (94°C/1 min, 45°C/2 min, 72°C/3 min) and a final extension at 72°C/7 min. For nested-PCR, 13 µl Milli-Q H 2 O, 4 µl dNTP's pool, 2.5 µl 10X PCR Buffer minus Mg (Invitrogen), 0.7 µl 50 mM MgCl 2 (Life Technologies-Carlsbad, CA, USA), 1 µl of primer END, 1 ml of specific primers pool (Ast-S1 to Ast-S8, 33mM each), 0.3 ml Platinum ® Taq DNA Polymerase (InvitrogenCarlsbad, CA, USA), and 2.5 µl of the cDNA resulting from RT-PCR were added to a plastic microtube. After that, 40 amplification cycles (94C/1 min, 45°C/2 min and 72°C/3 min) were carried out, followed by a final extension of 72°C/7 min. PCR product for each genotype was expected to be 212 bp (HAstV-1), 158 bp (HAstV-2), 119 bp (HAstV-3), 258 bp (HAstV-4), 388 bp (HAstV-5), 427 bp (HAstV-6), 548 bp (HAstV-7) and 599 bp (HAstV-8).
Nucleotide sequencing -Nucleotide sequencing was used in this study as a method of confirmation for two samples previously tested by nested/RT-PCR. For gene sequencing, cDNA resulting from RT-PCR was directly extracted using rapid PCR purification system (GibcoBRL-Carlsbad, CA, USA) protocol. Gene sequencing was performed using BigDye terminator cycle sequence ready kit (Applied Biosystems-Foster City, CA, USA), with some modifications. Sequencing reaction used 30 cycles (96ºC/2 min, 96ºC/10 s, 50ºC/10 s and 60ºC/4 min). The same primers used for astrovirus detection by RT-PCR were used for sequencing, resulting in a 449 nucleotides sequence, in ORF2. The sequencing reaction product was purified using the DyeEx™ Spin kit (Qiagen-Hilden, Germany) and then analyzed in an ABI-Prism 3100 DNA sequencer (Applied BiosystemsFoster City, CA, USA). The final consensus sequence for each sample was aligned with homologous sequences in GenBank using the Clustal/W method with the Bioedit program and the identities between the aligned sequences were calculated (Hall 1999) . The alignments were then used to build a neighbor-joining distance-based phylogenetic tree using the Kimura two-parameter correction model with 1,000 replicates for statistical bootstrap support with MEGA version 3.1 (Kumar et al. 2004 ).
RESULTS

Astrovirus detection by RT-PCR -From 234 EPM
faecal samples, 66 (28.2%) were positive for astrovirus, being 28/94 (29.7%) from children with acute diarrhea, 14/45 (31.1%) from children with persistent diarrhea, and 9/55 (16.3%) from control individuals. Fifteen positive samples out of 40 (37.5%) had no clinical data available (Table I) . Among the 66 positive samples, mixtures of astrovirus and other viruses were found in 33 samples: seven were positive for astrovirus and rotavirus, 25 were positive for astrovirus and norovirus and one was positive for all three viruses. Monthly distribution of astrovirus positive samples is illustrated in Fig. 1a . From 187 HU faecal samples, 18 (9.6%) were positive for astrovirus, being 12/ 158 (7.6%) from individuals with acute diarrhea, and 6/29 (20.7%) from control children (Table I) . Among these 18 positive samples, two were also positive for rotavirus, one was positive for both astrovirus and norovirus, and one was positive for all three viruses. Monthly distribution of positive samples is in Fig. 1b .
Genotyping by nested/RT-PCR -
From EPM positive samples, 25 (37.8%) were genotyped: 18 were characterized as HAstV-1, two as HAstV-2, two as HAstV-3 and three as HAstV-8. From HU positive samples, eight (44.4%) were genotyped: one was characterized as HAstV-1, six as HAstV-2 and one as HAstV-8. (Table II) .
Nucleotide sequencing -Samples ICB2622 (EPM) and ICB1333 (HU), which were characterized as HAstV-8, were further analyzed by nucleotide sequencing as a method of confirmation. They were also genotyped as type 8, showing identities of 98.1% (ICB2622) and 92.4% (ICB1333) with standard HAstV-8, Yuc-8 Number at each node is 1,000 bootstrap replicate values. The bar indicates genetic distance. (Méndez-Toss et al. 2000) found in the GenBank. Samples genotyped by nucleotide sequencing, as well standards HAstV strains found in GenBank, are shown in the phylogenetic tree (Fig. 2) .
DISCUSSION
According to literature regarding astrovirus detection in stool samples, the usual percentage of positive samples varies from 2 to 9% (Liu et al. 2007 ). In the present study, particularly regarding EPM set, 28.2% of the samples were found to be positive for astrovirus. This percentage is much higher than the ones commonly found in other studies, as Jakab et al. (2004) (1.6%), Fodha et al. (2006) (7.0%) and Pazdiora et al. (2006) (3.6%). However, frequencies higher than 20% of astrovirus infections have been reported, as described in the USA, where 26% of all diarrheal episodes reported were associated with astrovirus (Maldonado et al. 1998 ). Prevalence found for HU are similar to data on astrovirus detection usually found in literature, as described in Mexico (7.9%) (Méndez-Toss et al. 2004) , Italy (7.0%) (Colomba et al. 2006) , and some Brazilian cities. Thus, Victoria et al. (2007) found that 13.5% (43/318) of samples from hospitalized children in Rio de Janeiro were positive for astrovirus. In the Midwest region of Brazil, Santos et al. (2007) found a lower prevalence for astrovirus (3.7%; 46/1244 samples). Both Brazilian studies used the same pair of primers as ours for RT-PCR.
One reason for that notable difference between the results of the two sets of samples from SP maybe due to the children social economical status. The EPM set was obtained from children from a lower income population than the HU children. Another possible explanation for the high percentage of positivity is the number of individuals with mixed infections. It is not possible to state which virus is responsible for the gastroenteritis symptoms in patients infected by more than one virus. Multiple viral infections have also been described in a study with norovirus (Castilho et al. 2006) .
Astrovirus was detected almost every month during the years of collection for both sets of samples and no seasonaly was observed. Mustafa et al. (2001) suggested that, although astroviruses were found to be circulating in the population through the whole year, they can be more frequently isolated during the winter in countries of temperate climate, and during the rainy season, in tropical countries. However, in Rhode Island, USA, the peak of astrovirus infection was observed in the spring, between March and June over five years of the study.
Prevalence of HAstV in children without diarrhea in both sets of samples from SP (16.3% for EPM and 20.7% for HU) was higher than those observed in the Midwest region of Brazil (0.5%) (Santos et al. 2007 ) and in Zaria, Nigeria (5.7%) (Pennap et al. 2002) .
Regarding astrovirus genotyping, results show that, particularly for EPM, HAstV-1 still is the most frequent genotype circulating in the population, as described worldwide (Noel et al. 1995 , Traoré et al. 2000 , Espul et al. 2004 ). However, for HU, HAstV-2 was the most commonly found, which is not common in studies regarding astrovirus genotyping. Victoria et al. (2007) found HAstV-2 as the second most common genotype, accounting for 17% (6/35) of the analyzed samples, while HAstV-1 was the most prevalent (71%) (25/35).
In this study, the characterization of two samples as HAstV-8 and further confirmation by nucleotide sequencing were achieved for the first time in SP. These data suggest that the concordance observed between the two genotyping techniques was 100%, which is higher than that found by Gabbay et al. (2007a) (69.2%) . HAstV-8 is not commonly found, or not found at all, in studies worldwide related to astroviruses genotyping (Sakamoto et al. 2000 , Schnagl et al. 2002 , Cardoso et al. 2002 , Galdiero et al. 2005 , Gabbay et al. 2007b ). Few studies have reported the detection of HAstV-8 in Brazil, such as described by Silva et al. (2006) . Thus, results from the present work increase the knowledge about HAstV circulating in the country. It is important to stress the use two genotyping techniques to confirm results have been reported elsewhere, as described in studies carried out in Mexico, Spain and Hungary (Walter et al. 2001 , Dalton et al. 2002 , Jakab et al. 2004 ).
Genotyping was not achieved in some samples in the present study. Long storage periods (around 10 years), with several freezing and thawing steps may have contributed for this result. According to Méndez & Arias, (2007) , those situations may disrupt astroviral particles, making astroviruses detection and/or genotyping difficult. Primers used in the nested/RT-PCR genotyping technique in this study have not been extensively tested in samples from Brazil and elsewhere. Only a few studies have used genotyping technique worldwide (Phan et al. 2004 , Nguyen et al. 2007 ) and in Brazil (Cardoso et al. 2002 , Gabbay et al. 2007a .
Mixtures of astrovirus, rotavirus and norovirus occurred in both HU and EPM sets of samples. These findings suggests that mixtures of enteric viruses are common, as described by other authors (Jaaskelainen & Maunula 2006 , Klein et al. 2006 , and this could also reflect the low socioeconomic environment of these children who are living in heavily contaminated environment.
These results all together show that astroviruses are circulating in a constant manner in the population and its role in children gastroenteritis is becoming more important. Studies on astrovirus are essential for understanding its pathogenesis and epidemiology. 
